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PREFACE 
.. Neotec Corporation i s  p l e  sed t o  submit t h i s  
f i n a l  r e p o r t  
requirements of Contract NAS 8-20647 wi th  t h e  
George C. Marshall  Space F l i g h t  Center ,  H u n t s v i l l e  
Alabama. 
thereby completing t h e  c o n t r a c t u a l  
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1.0 INTRODUCTION 
'i'nree Pegasus s p a c e c r a f t  iaunched ove r  a pe r iod  of t i m e  from February 16 
t o  J u l y  30, 1965 have proven t o  be  h i g h l y  r e l i a b l e  meteoroid p e n e t r a t i o n  
monitors.  
knowledge of meteoroid pene t r a t ion  rates t o  material th icknesses  t e n  t i m e s  
grdzLer than obta ined  from any previous f l i g h t  da ta .  
Engineering d a t a  received from these  systems has  extended 
De ta i l ed  a n a l y s i s  of  t h e  information rece ived  from t h e  Pegasus s p a c e c r a f t  
has  revea led  c e r t a i n  in f r equen t  anomalies i n  t h e  d a t a  which t a k e  t h e  form 
of mul t ip l e  pane l  i d e n t i f i c a t i o n s  f o r  one r e g i s t e r e d  "h i t "  . 
as t o  t h e  cause of  t h i s  anomalous behavior  ranges from complete p e n e t r a t i o n  
of bo th  "back-to-back" d e t e c t o r  panels  t o  t r a n s i e n t  type  malfunct ions w i t h i n  
c e r t a i n  po r t ions  of t h e  on-board e l e c t r o n i c s .  
pane l  i d e n t i f i c a t i o n s  should indeed prove t o  b e  "back-to-back" p e n e t r a t i o n s ,  
t hen  va luab le  d a t a  relative t o  the meteoroid hazard of "thick-skinned" 
s p a c e c r a f t  would be obta ined .  
Specula t ion  
I f  t h e  cause of t h e s e  mul t ip l e  
To a i d  i n  such a de termina t ion ,  Neotec, under c o n t r a c t  t o  NASA- (MSFC) , 
designed and f a b r i c a t e d  a test t o o l  t o  s imula t e  c r i t i c a l  p o r t i o n s  of t h e  
Pegasus Detector  E lec t ron ic s .  This t o o l  has  been f a b r i c a t e d  t o  e x h i b i t  
as c l o s e l y  as poss ib l e  t h e  c h a r a c t e r i s t i c s  of  t h e  systems p r e s e n t l y  i n  
o r b i t .  
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I n  a d d i t i o n  t o  the  a c t u a l  Pegasus Detec tor  System Evalua t ion  Tool ,  
Neotec c a l i b r a t e d  and r epa i r ed  two  "plasma s imula tors"  and a l s o  cons t ruc ted  
s u i t a b l e  cables  and a d i s p l a y  device t o  enable  ope ra t ion  of t h e  Pegasus 
Ea r th  Aspect System. 
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2 .o SYSTEM DESCRIPTION 
DETECTOR SYSTEM - The Pegasus Detector System cons iscs  of large area 
c a p a c i t i v e  meteoroid p e t e t r a t i o n  d e t e c t o r s .  
a t r a n s i e n t  s h o r t  c i r c u i t  t o  develop, r e s u l t i n g  i n  c a p a c i t o r  d i scharge  
and thereby  provid ing  an e l e c t r i c a l  s i g n a l  f o r  subsequent process ing .  
Meteoroid p e n e t r a t i o n  causes 
The components of t h e  test t o o l  developed t o  s imula t e  t h i s  system are 
shown i n  the  block diagram of Figure 2.1. 
t h e  s imula ted  wing panels  and the  u n i t s  des igna ted  Cards 1 through 3 are 
a c t u a l  f l i gh t - type  hardware. The t o t a l  a r r a y  of packages w a s  contained 
w i t h i n  a r ec t angu la r  "desk-sized" enc losu re  configured f o r  ease of opera- 
t i o n  and s u i t a b l e  f o r  p u b l i c  d i sp lay .  
All t h e  system elements except  
I n  ope ra t ion ,  each Irpanel" of each wing (+Y o r  -Y) i s  connecred t o  t h r e e  
of  seven cu r ren t  recharge ampl i f i e r s  (CRA) and t o  one of  t h r e e  " h i t "  l i n e s .  
Thus, both wings r e q u i r e  a t o t a l  of s i x  i n d i c a t i o n  l i n e s  and fou r t een  
c u r r e n t  recharge a m p l i f i e r s .  The i n d i c a t o r  l i n e s  con ta in  informat ion  as 
t o  which of t h r e e  pane l  "thicknesses" (1.5 mil, 8 m i l  o r  16 mil)  w a s  
pene t ra ted .  To provide a form of redundancy i n  the  s p a c e c r a f t  system, t h i s  
information from each wing w a s  maintained s e p a r a t e l y ,  r e q u i r i n g  s i x  
i n d i c a t o r s .  
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Figure  2.1 Block Diagram, Pegasus Detec tor  Subsystem Evalu;,t i (-)I> Tool 
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Information i d e n t i f y i n g  t h e  a c t u a l  pane l  s t r u c k  is provided by the  
c u r r e n t  recharge a m p l i f i e r s .  Since each panel  i s  connected t o  t h r e e  of 
t h e  seven a m p l i f i e r s ,  a seven b i t  code always con ta in ing  t h r e e  "ones" 
- .____ 2 3 ^ ^  -^^ -1  1 3 ^ ^ -2 .c2 - _ L  2 _- p L U V A U C a  t J Q L L C A  LUClL L I L I C d L I U l l  a 
When a panel  on e i t h e r  wing is shor t ed ,  t h e  signal proceeds from t h e  
pane l  through t h e  n o i s e  r e j e c t i o n  f i l t e r ,  t h e  Detec tor  Panel  Disconnect 
r e l a y s ,  and t o  t h e  d e t e c t o r  matrix.  There t h e  signal proceeds i n  p a r a l l e l  
t o  t h e  h i t  a m p l i f i e r  and t o  th ree  of t h e  seven C R A ' s .  The p u l s e  from t h e  
h i t  a m p l i f i e r  i d e n t i f y i n g  wing and panel  t h i ckness  is ampl i f ied  i n  "Card 1" 
and c loses  a r e l a y  a c t i v a t i n g  an i n d i c a t o r  l i g h t .  The ou tpu t s  from t h e  
t h r e e  a f f e c t e d  CRA's  are s i m i l a r l y  ampl i f ied  i n  "Card 3", and provide  panel  
i d e n t i f i c a t i o n .  
I n  a d d i t i o n ,  an i n d i c a t i o n  of the t i m e  requi red  t o  recharge t h e  pane l  i s  
provided by "card 2". 
series of c lock pu l ses  a t  2048 pps. Knowledge of t h e  c a p a c i t o r  recharge 
t i m e  i s  used an an a i d  i n  d i sc r imina t ing  a g a i n s t  spu r ious  h i t  i n d i c a t i o n s  
which could be  caused, f o r  example, by system n o i s e  and l i n e  t r a n s i e n t s .  
The clock pu l ses  are accumulated by the  counter  i n d i c a t e d  i n  F igure  1. 
.. - This "puise v e r i f y "  informat ion  i s  i n  t h e  form of a 
The Detec tor  Panel  Disconnect accepts  36 simulated commands provided by 
f r o n t  panel  switches t o  enable  the i n s e r t i o n  o r  removal from t h e  c i r c u i t  
of any "wing panel" as is  done i n  t h e  a c t u a l  s p a c e c r a f t .  
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The proper  sequence of events  and t h e  d e t a i l e d  method of test t o o l  
o p e r a t i o n  is  contained i n  Sect ion 3.0 o f  t h i s  r e p o r t .  
EARTH ASPECT SENSOR - A s  an input  t o  a t t i t u d e  de te rmina t ion  c a l c u l a t i o n s ,  
t h e  p o s i t i o n  of t h e  Earth v e c t o r  w i t h i n  the  sa te l l i t e  coord ina te  system 
w a s  determined from t h e  output  of several I R  e a r t h  senso r s .  Each senso r  
was designed t o  determine the  presence of. t h e  Ear th  i n  a 2 '  f i e l d  of view. 
The complete Ear th  Aspect Sensor system cons i s t ed  of a s p e i c a l  power 
supply u n i t  and s i x  sensor  heads,  each wi th  two oppos i t e  f i e l d s  of view. 
A s  p a r t  of t he  Neotec e f f o r t ,  an Ear th  Aspect Sensor system eva lua t ion  
t o o l  w a s  configured as shown i n  Figure 2.2. 
and 2 4  v o l t  power s u p p l i e s  and the  senso r  test box, a l l  u n i t s  are f l i g h t  t ype  
hardware. 
With t h e  except ion  of t h e  22 
Figure  2.3 conta ins  t h e  d e t a i l s  o f  t h e  senso r  test box f a b r i c a t e d  by 
Neotec. 
i n d i c a t o r  lamp t o  des igna te  which of  t h e  twelve f i e l d s  o f  view has been 
t r igge red .  
This u n i t  accepts  t h e  0 t o  6 v o l t  "Earth s i g n a l "  t o  d r i v e  an 
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Figure 2.2 Block Diagram, Earth Sensor System Evaluation Tool 
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Schematic Diagram, Earth Sensor System Output Monitor 
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3.0 OPERATING 1,NSTRUCTIONS 
nn ine u n i t  is uiicompiicated in ~ p e r a t i ~ i i ,  afid the followiiig brief operatifig 
procedure w i l l  s u f f i c e  t o  f a m i l i a r i z e  the u s e r  w i t h  t h e  proper  sequence of 
events .  
3.1 AC Power Requirements 
117 VAC 5 1 0 %  
S i n g l e  Phase 
58-62 CPS 
3.2 Actuate "Power On" Switch 
Ver i fy  proper  power supply v o l t a g e  s e t t i n g  by u s e  of  t h e  f r o n t  pane l  
28 and 28 VDC test p o i n t s .  (Reference Schematic Diagram of F igu re  3.1.) 
3 . 3  Actuate System "Reset" 
All "CRA" and " H i t  Amp'' i n d i c a t o r s  should  b e  ex t inguished .  
3 . 4  Actuate "Wing Select'' 
Se l ec t ion  o f ,  f o r  example, "+Y" w i l l  cause t h e  "+Y" i n d i c a t o r  t o  
l i g h t  and the 'I-Y" i n d i c a t o r  t o  go out .  
I 
I 
1 
I 
3-1 
1 
I -  
1; 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
’I 
I 
1 
Figure  3.1 Schematic Diagram, T e s t  Tool Power D i s t r i b u t i o n  
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3.5 Panel  Connect/Disconnect 
Any arrangement of panels may be connected i n t o  t h e  system w i t h  
t h e  a i d  of t h e  "Panel Connect/Disconnect" switch.  This i s  accom- 
p l i shed  by a two s t e p  process.  F i r s t  the "Concect/Cisc3~nectI' 
switch i s  placed i n  mode for  t h e  in tended  ope ra t ion .  Then t h e  
pane l  c a l l o u t  swi tch  i s  ac tua ted  ( e i t h e r  upward o r  downward), 
completing the  pane l  connect o r  d i sconnec t  opera t ion .  
3.6 Detector  Panel  Actuat ion 
Once t h e  d e s i r e d  arrangement o f  connected panels  has  been achieved,  
s t i m u l a t i o n  of t h e  system can be  caused by f o r c i n g  a c a p a c i t o r  d i s -  
charge of any connected s e r i e s  of  panels .  
manner i n  which t h e  panels  are configured.  The number of p a r a l l e l  
\ c a p a c i t o r  c i r c u i t s  f o r  each panel  i s  r e p r e s e n t a t i v e  of  t h e  number of 
F igure  3.2 shows t h e  
p a r a l l e l  Pegasus de t ec to r s .  
The forced  d ischarge  can be  accomplished in t h r e e  wzye: 
0 Direct S h o r t i n g  - Could cause spu r ious  (mul t ip le )  readings  
due t o  t h e  inhe ren t  "bounce" a s s o c i a t e d  wi th  t h i s  method b u t  
i s  s u f f i c i e n t  f o r  quick check. 
0 Use of t h e  Plasma Simulator - A p r e f e r r e d  method s i n c e  depth 
of  d i scharge ,  recovery t i m e ,  and r e p e t i t i o n  rate may be 
con t ro l l ed .  
0 Panel  Connection - Connection of a previous ly  disconnected 
panel  by means of t h e  Connect/Disconnect swi tches  a l ready  
mentioned ( re ference  Paragraph 3.5) w i l l  cause an i n d i c a t i o n .  
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Figure 3 .2  Schematic Diagram, Simulated Detector Panels 
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The i n d i c a t o r  l i g h t s  are held "on" u n t i l  reset by means of r e l a y s  
contained on Cards 1 and 3 (shown schemat ica l ly  i n  Figures  3 . 3  and 
3 . 4 ) .  The arrangement of l i g h t s  fol lows t h e  sequence of CRA's (1-7) 
-.u -A h i t  ..A- in t - l i ra tnrs  ----------- I 1  \ - - -  - s i  A i  3.6) 
be converted d i r ec t ly :  i n t o  pane l  number (XXX) by use  of t h e  fo l lowing  
code grouping : 
However, t h e  i n d i c a t o r  l i g h t s  can 
CRA Number D i p i t  Binary Weight 
Third 
Third 
Third 
Second 
Second 
Second 
F i r s t  
For ope ra to r  convenience, t h i s  d a t a  has  been t abu la t ed  and appears  
i n  Figure 3 . 5 .  
3.7 Pulse  Verify 
The pu l se  v e r i f y  c - r c u i t  (Figure 3 .  ). supp l i e s  pu l se s  a t  a 2048 pps 
rate t o  an external counter t o  provide an i n d i c a t i o n  of c a p a c i t o r  
recharge t i m e .  The output c h a r a c t e r i s t i c s  are as fol lows:  
S igna l  Level : 6 v o l t s  (AC coupled) 
Source Impedance: 4.7K 
3 . 8  Specia l  Sensor Inpu t s  
On t h e  +Y wing only ,  sensor  numbers 124 and 013 have been provided 
with switches (Figure 3 . 7 )  t o  accommodate e x t e r n a l  s t imu la t ion  such 
as t h e  Plasma Simulator.  
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Figure 3.3 Schematic Diagram, +Y1 Wing CRA 6 H i t  Amplifier Driver 
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Figure 3 .4  Schematic Diagram, -Y1 Wing CRA Indicator Driver 
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* Lighted Indicators 
(1) On +Y only, no CRA readout 
zero bias radiation tes t  panel 
(2) On +Y only, no CRA readout 
zero bias  radiation t e s t  
panel (8 m i l  thickness) 
Figure 3.5 Indicator Chart 
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Figure 3.6 Schematic Diagram, Clock Generator C Pulse Verify "OR" Gate 
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Figure 3.7 Schematic Diagram, External Simulated Sensor 
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3 . 9 Burnout /Blowout 
An off /on switch.on the front panel i s  connected to  the power 
distribution unit i n  such a manner as to provide the a b i l i t y  t o  
perform the burnoutiblowout operation as done i n  the Pegasus spacecraft. 
. 
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